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2642Objective: We sought to determine the feasibility and assess the clinical outcomes associated with an early
extubation strategy for all children undergoing congenital heart surgery, including neonates (age,<30 days).
Methods:We performed a linked database analysis of all patients undergoing congenital heart surgery from July
1, 2010 to December 31, 2012. We collected data on the cardiac diagnoses, preoperative status, procedure, and
postoperative course, including the duration of invasive and noninvasive ventilation, failure of extubation,
hemodynamic data, length of stay, complications, and mortality. A multivariable model was used to assess
the independent factors associated with an inability to extubate within the operating room and with delayed
extubation (>24 hours).
Results:We operated on 613 children, including 97 neonates. Intraoperative extubation was achieved in 71% of
the cases and early extubation (24 hours) was achieved in 89% of the cases. The overall mortality was 1.5%
(9 of 613 patients). Early extubation was associated with lower mortality (1% vs 9%, P<.001) and a lower rate
of reintubation (4% vs 23%, P<.001) compared with delayed extubation. Notably, 63% of the neonates were
extubated within 24 hours, including 67% of arterial switch operations and 54% of total anomalous pulmonary
venous return repairs. Norwood operations were the only procedure in which no patient was extubated within the
first 24 hours. Multivariable logistic regression demonstrated that the predictors of delayed extubation included
preoperative mechanical ventilation, weight< 5 kg, a longer procedure time, and the need for postoperative
inotrope support. Implementation of an early extubation strategy was associated with low rates of complications
(5.1 per 10 procedures), short lengths of intensive care unit stay (median, 1 day; interquartile range, 1-3), and
short hospital stays (median, 4 days; interquartile range, 3-6).
Conclusions: Most children undergoing congenital heart surgery can be extubated in the operating room.
Most neonates, including many undergoing complex procedures, can be extubated within the first 24 hours after
surgery. Early extubation was associated with low morbidity rates and short lengths of intensive care unit and
hospital stays. (J Thorac Cardiovasc Surg 2014;148:2642-8)See related commentary on pages 2649-50.The need for prolonged mechanical ventilation for children
with congenital heart disease after cardiac surgery has
changed with the advances in surgical and perioperative
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The Journal of Thoracic and Cardiovascular Surpostoperatively, or 24 hours postoperatively), has been
implemented as a part of the management strategy for
children undergoing cardiac surgery.1 This has been
associated with improved resource usage by shortening
the intensive care unit (ICU) and hospital lengths of stay
in a range of patients with congenital heart disease.2,3
Many of the early studies have demonstrated the
feasibility of this approach in select infants and older
children. In part owing to the selected nature of the
populations, the number of children included in these
studies was often small.4-6 Despite the positive findings of
these early studies, early extubation strategies have not
been rigorously evaluated when applied to an unselected
population of pediatric patients undergoing congenital
heart surgery. In particular, very little data have been
published on the feasibility, clinical outcomes, or resource
usage associated with early extubation in neonates or
infants undergoing complex cardiac surgery. This might
be, in part, because previous studies have shown that the
strongest independent risk factors for failure of EE are
younger age and longer cardiopulmonary bypass times.6gery c December 2014
Abbreviations and Acronyms
BT ¼ Blalock-Taussig
DE ¼ delayed extubation (>24hours of arrival in ICU)
EE ¼ early extubation (24 hours of arrival in ICU)
ICU ¼ intensive care unit
IE ¼ intraoperative extubation
IQR ¼ interquartile range
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DThe goal of our study was to determine the feasibility
and assess the clinical effect of implementing an early
extubation strategy for all children undergoing congenital
heart surgery, including neonates (<30 days) and those
with complex cardiac malformations. We sought to
determine the factors associated with successful EE. We
reviewed the survival, perioperative complication rates,
and length of stay to evaluate the success of EE in this
population.METHODS
We performed a linked database analysis of all patients undergoing
congenital heart surgery at British Columbia Children’s Hospital from
July 1, 2010 to December 31, 2012. All patients undergoing congenital
cardiac surgical procedures were included in the analysis, with the
exception of premature neonates, who underwent isolated patent ductus
arteriosus ligation. We also excluded children with preoperative
tracheostomy associated long-term mechanical ventilation dependence.
Our institutional approach was to extubate every patient as soon as
possible after surgery. The candidacy of each patient for EE was discussed
between the surgeon and anesthesiologist before surgery and again
after surgery (taking into account the operative course, transesophageal
echocardiographic findings, and overall cardiorespiratory status of the
patient). If the patient remained intubated after surgery, the need for
ongoing mechanical ventilation was assessed by a multidisciplinary team
involving cardiac surgery, cardiology, and ICU at least twice every
24 hours.
Perioperative Management
Non-neonatal patients were premedicated with oral midazolam (0.5-0.8
mg/kg) and acetaminophen. Anesthesia was induced either by mask
inhalation of sevoflurane or intravenous propofol and/or ketamine.
Rocuroniumwas administered to facilitate tracheal intubation and repeated
only if indicated. Anesthesia was maintained with bolus doses of
intravenous fentanyl and inhaled isoflurane. Most patients received an
infusion of dexmedetomidine (0.6 mg/kg/h) for the duration of the case.
Spontaneous ventilation was achieved after sternal approximation in
patients suitable for operating room extubation. Muscle relaxant
reversal agents were administered as required. Additional fentanyl was
administered, titrated to effect. Patients achieving a stable respiratory
pattern were extubated in the operating room deeply sedated and
transferred to the ICU.
ICU Management
ICU management of intraoperatively extubated patients focused on
maintaining adequate analgesia and sedation without depressing
cardiorespiratory function. This was accomplished in most patients with
modest doses of dexmedetomidine (0.1-0.7 mg/kg/h) and morphine
(0-20 mg/kg/h) or fentanyl (0-2 mg/kg/h). Supplementary anxiolysis wasThe Journal of Thoracic and Caroccasionally needed using chloral hydrate (10-15 mg/kg/dose). The
patients who were not extubated before ICU admission were screened at
admission to the ICU regarding candidacy for early postoperative
extubation. Those patients with stable cardiac function and reasonable
respiratory system function received minimal additional analgesics or an-
xiolytics (dexmedetomidine 0.2 mg/kg/h and morphine 5 mg/kg/h) until
the level of consciousness was compatible with extubation. After
extubation, excluding patients at risk of gastric reperfusion injury,
most patients were offered sips of fluids to provide comfort.
Data Collection
The hospital course of all patients were evaluated using linked data from
the ICU, cardiac surgery, cardiac perfusion, and cardiology databases
and patient medical record review. All databases were maintained
prospectively, with the data entered at the clinical encounter. The cardiac
surgery database was maintained by the cardiac surgeons and included
the preoperative diagnosis and surgical procedure, which were recorded
immediately after the procedure. The intraoperative variables, including
cardiopulmonary bypass time, crossclamp time, and circulatory arrest
time, were collected prospectively and documented in the cardiac perfusion
database. The ICU database included the data on hemodynamic variables,
ventilator support, complications, and length of stay. The data were
collected by a nurse coordinator on a daily basis from medical record
review and in consultation with the treating physicians when the medical
record data were incomplete. The cardiology database contained data on
the postoperative complications with data entered daily in real-time using
a portable handheld device at the bedside by the attending cardiologist.
The databases were linked using administrative data that were shared
among the databases.
We collected data on the cardiac diagnoses, preoperative status, surgi-
cal procedure, and postoperative course, including the duration of inva-
sive and noninvasive ventilation, failure of extubation, hemodynamic
data, length of stay, complications, and mortality. A detailed patient med-
ical record review was performed for those children who were admitted to
the ICU preoperatively requiring ventilatory support, those admitted to
the ICU intubated postoperatively, those who, after extubation, required
reintubation, and any other patients in whom the duration of mechanical
ventilation was not clearly delineated. In such cases, the medical record
review was used to determine the length of postoperative intubation
through a review of the respiratory therapy and nursing notes. The time
of admission to the ICU was recorded as the postoperative intubation start
time, and the times of extubation and reintubation (where applicable)
were recorded.
We categorized patients according to the extubation time. We defined
intraoperative extubation (IE) as those patients who were extubated
before transfer from the operating room to the ICU. We defined EE
as an initial extubation within 24 hours of arrival to the ICU. We
defined delayed extubation (DE) as an initial extubation >24 hours
from the postoperative arrival in the ICU. Children who required rein-
tubation were allocated according to their initial time of extubation,
and all analyses were conducted according to this initial group
allocation.
Statistical Analysis
Frequency tables were generated for all categorical variables, and the
data are presented as the number and/or percentage of patients. Univariate
analysis was performed on all continuous variables. The data are reported
as the median and interquartile range (IQR). The data were categorized
for patients by (1) age at surgery (<1 month, 1-2, 2-4, 4-6, 6-12, and
>12 months) and (2) the timing of extubation (IE, EE, and DE). Frequency
histograms were generated for the partial pressure of oxygen and carbon
dioxide in arterial blood, cardiopulmonary bypass time, and circulatory
arrest time. The median value was used to create dichotomized groups.
Group differences for all categorical data were compared using adiovascular Surgery c Volume 148, Number 6 2643
FIGURE 1. Cardiopulmonary bypass and circulatory arrest times
stratified by age group (<30 days and 1-2, 2-4, 4-6, 6-12, and>12 months)
and the number of subjects in each cohort.
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test.
Adjusted odds ratios with 95% confidence intervals were estimated for
independent variables associated with the timing of extubation using a
multivariable stepwise logistic regression procedure. The independent vari-
ables included sex, age, weight, prematurity, chromosomal abnormality,
cardiac diagnosis, surgical procedure, preoperative mechanical ventilation,
noninvasive ventilator support (bilevel positive airway pressure,
continuous positive airway pressure, or synchronized inspiratory positive
airway pressure), cardiopulmonary bypass time, circulatory arrest time,
lowest partial pressure of oxygen in arterial blood, lowest hemoglobin,
and highest partial pressure of carbon dioxide in arterial blood. This model
was derived from the best fit of our data set and, therefore, might not be
applicable to other data sets. The complication rates are reported using
standardized definitions outlined by the Multi-Societal Committee for
Pediatric and Congenital Heart Disease.7 A 2-sided P value<.05 was
considered statistically significant. All data were analyzed using the
Statistical Analysis Systems statistical software, version 9.3 (SAS Institute,
Cary, NC).
The University of British Columbia Children’s and Women’s Health
Centre’s Clinical Research Ethics Board approved the study.
RESULTS
We identified 617 patients who underwent cardiac
surgery and were admitted to the ICU postoperatively.
We excluded 4 children who, preoperatively, had
received a tracheostomy and were dependent on long-
term mechanical ventilation. We performed a detailed
review of the remaining 613 children.
Demographics
Our cohort consisted of 613 patients, 337 of whom were
male (55%). Of the 613 patients, 97 (16%) were neonates
(age,<30 days old), 30 were 1 to 2 months old (5%), 73
were 2 to 4 months old (12%), 84 were 4 to 6 months old
(14%), 56 were 6 to 12 months old (9%), and 273 were
>12 months old (44%) at surgery. Of the 613 patients, 69
(11%) had chromosomal abnormalities, including 52 with
trisomy 21, 12 with chromosomal microdeletions, 1 each
with trisomy 22 and mosaic trisomy 13, and 2 with other
genetic anomalies. Of the 613 patients, 19 (3%) were
born prematurely (gestational age,<37 weeks).
Before surgery, 54 of the 613 patients (9%) were
receiving inotropic support, 22 patients (4%) were
receiving short-term mechanical ventilation, and 5 patients
(1%) required noninvasive respiratory support with
bilevel positive airway pressure, continuous positive
airway pressure, or synchronized inspiratory positive
airway pressure.
Procedural Details
Of the 613 surgical cases, 535 were open heart (87%)
and 78 were closed heart procedures (13%). The median
patient age at surgery was 7.1 months (IQR, 2.9-57.4;
Figure 1), and median weight was 7.2 kg (IQR, 4.4-
17.0). The complexity of each case was assessed using
the Risk Adjustment for Congenital Heart Surgery score.82644 The Journal of Thoracic and Cardiovascular SurOf the 613 patients, 117 (19%) were assigned to risk cate-
gory 1; 247 (41%) to risk category 2; 220 (36%) to risk
category 3; 21 (3%) to risk category 4; and 8 (1%) to
risk category 6.
The median cardiopulmonary bypass and crossclamp
time during the 535 pump cases was 72 minutes (IQR,
47-110) and 36 minutes (IQR, 21-66), respectively.
Circulatory arrest was required in 48 patients. The median
circulatory arrest time in these patients was 7 minutes
(IQR, 4.5-14.0). Figure 1 illustrates the median bypass
and circulatory arrest times stratified by age group. The
cardiopulmonary bypass (median, 130 vs 64 minutes;
P< .001) and crossclamp (median, 77.5 vs 33 minutes;
P<.001) times were considerably longer for the neonates
compared with all other patients. No difference was found
in the circulatory arrest times (median, 7 vs 5 minutes;
P ¼ .370) between the neonates and the older cohort of
patients.
Early Versus Late Extubation
IE was achieved in 437 of 613 patients (71%), and 548
patients (89%) were extubated within 24 hours (EE).
Extubation was delayed (>24 hours, DE) in the remaining
65 patients (11%). The point at which the patients were
extubated and the number and percentage of patients who
were extubated early for each surgical procedure are listed
in Table 1. IE was achieved in 16 of 97 neonates (16%), and
61 neonates (63%) were extubated within 24 hours. EE was
achieved in many neonates undergoing higher risk
procedures, including the arterial switch operation (67%
overall; 86% for simple transposition of the great arteries)
and neonatal total anomalous pulmonary venous return
repairs (54%). Norwood operations were the onlygery c December 2014
TABLE 1. Procedures performed and percentage of patients
extubated early
Procedure
Extubation time (n) EE rate (%)
OR 0-24 h >24 h Total OR 24 h
ASD repair 89 1 0 90 89/90 (99) 90/90 (100)
ASO 2 16 9 27 2/27 (7) 18/27 (67)
AVSD repair 17 12 1 30 17/30 (57) 29/30 (97)
LVOT surgery 22 1 1 24 22/24 (92) 23/24 (96)
IAA/CoA þ VSD 0 2 3 5 0/5 (0) 2/5 (40)
CoA 26 13 3 42 26/42 (62) 39/42 (93)
Fontan procedure 22 0 0 22 22/22 (100) 22/22 (100)
Glenn operation 25 3 0 28 25/28 (89) 28/28 (100)
MV 10 3 0 13 10/13 (77) 13/13 (100)
Norwood
procedure
0 0 8 8 0/8 (0) 0/8 (0)
PDA ligation 6 1 0 7 6/7 (86) 7/7 (100)
RV-PA conduit 45 4 4 53 45/53 (85) 49/53 (93)
Ross procedure 8 2 1 11 8/11 (72) 10/11 (91)
BT shunt 9 17 7 33 9/33 (27) 26/33 (79)
TAPVR repair 3 4 6 13 3/13 (23) 7/13 (54)
TOF repair 16 8 7 31 16/31 (52) 24/31 (77)
VSD repair 106 18 6 130 106/130 (82) 124/130 (95)
Other 31 6 9 46 31/46 (67) 37/46 (80)
Total 437 111 65 613 437/613 (71) 548/613 (89)
EE, Early extubation; OR, operating room; ASD, atrial septal defect; ASO, arterial
switch operation; AVSD, atrioventricular septal defect; LVOT, left ventricular outflow
tract; IAA, interrupted aortic arch; CoA, coarctation of the aorta; VSD, ventricular
septal defect;MV, mitral valve; PDA, patent ductus arteriosus; RV-PA, right ventricle
to pulmonary artery; BT, Blalock-Taussig; TAPVR, total anomalous pulmonary
venous return; TOF, tetralogy of Fallot.
TABLE 2. Early extubation rates analyzed by age and time
Age
EE
DE (>24 h) Overall totalOR 0-24 h Total
Neonate 16 (17) 45 (46) 61 (63) 36 (37) 97 (100)
1-2 mo 15 (50) 8 (27) 23 (77) 7 (23) 30 (100)
2-4 mo 40 (55) 23 (31) 63 (86) 10 (14) 73 (100)
4-6 mo 60 (71) 19 (23) 79 (94) 5 (6) 84 (100)
6-12 mo 48 (86) 5 (9) 53 (95) 3 (5) 56 (100)
>12 mo 258 (95) 11 (4) 269 (99) 4 (1) 273 (100)
Total 437 (71) 111 (18) 548 (89) 65 (11) 613 (100)
Data presented as n (%). EE, Early extubation; DE, delayed extubation;
OR, operating room.
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first 24 hours. The percentage of patients in each age group
who was extubated early (24 hours) is presented in
Figure 2.FIGURE 2. Frequency distribution of surgical age sorted into age groups
(neonates [<30 days] and 1-2, 2-4, 4-6, 6-12, and >12 months). The
percentage of patients extubated early (24 hours) in each cohort is
indicated in the text box and represented in each bar in black.
The Journal of Thoracic and CarThe EE rates increased with age (P< .001). When the
patients were extubated (IE, EE, or DE) stratified by age
is listed Table 2. The bypass (median, 63 vs 135 minutes;
P<.001) and crossclamp (median, 32.5 vs 70.5 minutes;
P<.001) times were shorter in the EE cohort. The partial
pressure of oxygen in arterial blood, recorded in the first
12 postoperative hours, was lower in the DE cohort
(median, 51.5 vs 83 mm Hg; P<.001). The circulatory ar-
rest time (median, 7 vs 8 minutes; P ¼ .656) was similar in
these patient groups.Reintubation
The overall reintubation rate was 6% (35 of 613). Of
the 548 children extubated early, 20 patients required
reintubation (4%). Ten patients, including 2 neonates,
required reintubation after being extubated in the operating
room. These included 3 patients with Blalock-Taussig
(BT) shunts, 2 with atrioventricular septal defect repairs,
1 who underwent completion of a Fontan procedure, 1
who underwent a bidirectional Glenn procedure, 1 with a
ventricular septal defect repair, 1 with a right ventricle to
pulmonary artery valved conduit, and 1 patient who under-
went tetralogy of Fallot repair. Ten patients, including 5
neonates, who were extubated within 24 hours of leaving
the operating room, needed to be reintubated. These
included 6 patients with shunts, 1 with coarctation, 1
with an atrioventricular septal defect repair, 1 with a right
ventricle to pulmonary artery valved conduit, and 1 patient
with a tetralogy of Fallot repair. In the EE group, the rein-
tubation rate for neonates was 11% (7 of 61), of whom 6
underwent BT shunt placement. EE was associated with
lower rates of reintubation compared with DE (4% vs
23%, P<.001).
The predictors of DE determined by the multivariable
logistic regression model were the need for preoperative
mechanical ventilation, weight<5 kg, a longer procedure
time, and the need for postoperative inotrope support. The
individual predictors of failed extubation in the operating
room and DE (>24 hours) are listed in Table 3.diovascular Surgery c Volume 148, Number 6 2645
TABLE 3. Predictors of delayed extubation
Variable
Failure to extubate in operating room DE (>24 h)
OR (95% CI) P value OR (95% CI) P value
Preoperative mechanical ventilation 14.5 (2.3-90.4) .004 9.4 (3.2-28.2) <.001
Weight  5 kg 10.3 (5.6-18.9) <.001 7.4 (3.4-16.1) <.001
Bypass time>140 min 5.9 (2.7-12.8) <.001 9.5 (4.1-21.7) <.001
Circulatory arrest time>7 min 16.7 (1.9-142.9) .01 4.8 (1.5-16.1) .01
Postoperative inotrope use 3.9 (2.2-7.0) <.001 11.5 (2.6-50.8) <.001
PaO2<80 mm Hg 3.3 (1.9-5.5) <.001 4.4 (1.9-10.0) <.001
Age  30 d 2.9 (1.3-6.3) .009 — —
Male sex 2.6 (1.5-4.3) <.001 — —
DE, Delayed extubation; OR, odds ratio; CI, confidence interval; PaO2, partial pressure of oxygen in arterial blood.
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The overall complication rate in our cohort was 5.1
complications per 10 procedures, with 27% of all
procedures associated with 1 complication. The patients
in the EE cohort were less likely to develop postoperative
complications (20% vs 85%; P< .001) and had lower
complication rates (3 vs 22 complications per 10 proce-
dures; P< .001). The median length of stay in the ICU
and hospital was 1 day (IQR, 1-3) and 4 days (IQR, 3-6),
respectively. EE was associated with shorter lengths of
stay in the ICU (median, 1 vs 7 days; P<.001) and hospital
(median, 4 vs 11 days; P<.001).Mortality
Overall mortality was 1.5% (9 of 613). EE was
associated with lower mortality compared with DE
(1% vs 9%, P< .001). Of the 3 EE patients who died,
2 were extubated in the operating room (1 neonate
undergoing a BT shunt and 1, aged>12months, undergoing
a Fontan procedure) and 1, aged 2 to 4 months old, was
extubated within 24 hours (atrioventricular septal defect).
Comparatively, 6 deaths occurred in the DE group:
4 neonates (3 Norwood procedures, 1 BT shunt), 1 patient
aged 4 to 6 months old (tetralogy of Fallot), and 1 patient
aged >12 months (right ventricle to pulmonary artery
conduit).DISCUSSION
Although it is well established that EE is safe and feasible
in children undergoing congenital heart surgery, our results
have confirmed that this perioperative management
approach can be extended to neonates, including select
neonates and infants undergoing higher risk surgical
repairs. We have demonstrated a high rate of EE in neonates
(63%), including many neonates undergoing higher risk
procedures such as arterial switch operations (86% for
simple transposition of the great arteries and 67% for
transposition of the great arteries overall) and repair of total2646 The Journal of Thoracic and Cardiovascular Suranomalous pulmonary venous return (54%). The only
surgical procedure in which no patient was extubated in
the first 24 hours postoperatively was the Norwood
operation.
One of the key strengths of the present study was that we
included all patients in our analysis. Although we did not
attempt EE for any of our neonates who had undergone a
Norwood procedure, we did not exclude patients a
priori because of age, cardiac diagnosis, or perceived
surgical complexity or risk. Previous studies have excluded
neonates6,9 and infants <6 months old.3,10 Through
inclusion of all children undergoing congenital heart
surgery, we have shown that the reintubation rates are
low, and, of particular interest, no risk factors for
requiring reintubation after EE were identified. The few
children who required reintubation were spread across the
age groups and primary diagnoses. BT shunt placement
was associated with greater reintubation rates in the
neonates. It has previously been shown that the clinical
predictors of successful extubation are poor and that
clinical protocols are likely superior to subjective weaning
of support in infants and children.11-13 Given the
morbidity and known risks associated with intubation
and mechanical ventilation,14 our institution has devel-
oped an approach such that EE is the norm, and patients
only remain intubated if a compelling cardiorespiratory
benefit is present, regardless of age. This approach has
been rapidly adopted and, in the present series, we
have confirmed that it is associated with low morbidity
and short lengths of stay.
Reducing the length of ICU stay and total hospital stay
leads to improved resource utilization. Recent studies
have demonstrated that considerable variability exists in
the outcomes and costs associated with cardiac surgery
for children with congenital heart disease. A significant
proportion of the variability in costs observed among
institutions has been associated with the variability in
complication rates and lengths of stay.15 Hence, broad
implementation of EE has the potential to reduce the totalgery c December 2014
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the interinstitutional variability.
Compared with published standards, our program has
had low mortality and complication rates. The aggregate
multi-institutional mortality for pediatric cardiac surgery
is 4%16,17 and 32% of operations are associated with
1 complication.18 In contrast, we found a mortality rate
of 1.5% and a complication rate of 27%. Furthermore,
our linked database analysis had multiple layers of
redundancy to maximize the opportunity for the complete
capture of complications in the present study. As the
only tertiary care cardiac surgery center in British
Columbia, we provide exclusive service to a population of
>4 million residents, and our case distribution reflects the
distribution of cardiac pathologic entities in children in
British Columbia. Our morbidity and mortality data provide
additional support for EE as an important perioperative
management strategy. Reducing complications further
will contribute to optimal resource use in addition to
improving clinical outcomes.
Our study was limited by the retrospective nature of the
analysis. Given that there was a programmatic implementa-
tion of early extubation at our institution, we did not have a
contemporary control cohort. We did not believe that a
retrospective control group would be valid, given the
potential for unmeasurable confounders that can be
associated with a programmatic change. Nonetheless,
comparing our present results with the adoption of this
perioperative management strategy with contemporary
published benchmarks, it is clear that the outcomes,
complication rates, and resource usage compare favorably.
Given the differences in case distribution among centers,
the results of the present study serve as a demonstration
of the feasibility of this approach being extended to
neonates. The lack of a suitable control group has
precluded determining whether a causal relationship
exists between EE and improved clinical outcomes. The
generalizability of such an approach is institution depen-
dent, because it requires broad-based support from cardiac
surgery, cardiology, anesthesia, and ICU to be successfully
implemented.CONCLUSIONS
Most children undergoing congenital heart surgery can
be extubated in the operating room. Most neonates,
including many undergoing complex procedures, can be
extubated within the first 24 hours after surgery. Implemen-
tation of an EE strategy for children with congenital heart
disease is safe, feasible, and associated with good outcomes
and low resource usage.References
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Dr Ralph Mosca (New York, NY). Congratulations on an
important study, which seeks to define the feasibility and utility
of a clinical strategy of EE for all patients after congenital heart
surgery.
EE of the vast majority of infants and children is a part of
the postoperative protocol in most major cardiac centers; how-
ever, it might be particularly complicated in the neonate afterdiovascular Surgery c Volume 148, Number 6 2647
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Dcardiac surgery. The higher metabolic demands, a proportion-
ately greater negative effect on cardiac and respiratory func-
tion, combined with a diminished reserve, places these
patients at greater risk of failure. The caregiver must weigh
the risks of prolonged extubation with the negative conse-
quences of premature extubation. EE in the operating room
is further encumbered by requiring transport of the patients af-
ter this important intervention.
In your study, although neonates were included, they
constituted a relatively small proportion of the group, about
16%. The data were also somewhat skewed toward those with
lower complexity (96% of them had a Risk Adjustment for
Congenital Heart Surgery score of <3). Also, 63% of your
neonates were extubated within 24 hours; however, the
reintubation rate in that group was 11.5%, somewhat greater
than the 4% to 6% often reported in published studies. The modes
of failure and reasons for reintubation were also not well
delineated and would be helpful to us as readers.
My first question is: did the patients who failed early extubation
have a more prolonged second period of intubation?
Dr Harris. Thank you for the question. Those are very
important points.
I think, obviously, the neonates are a more fragile population.
We found that of thosewho had to be reintubated, 7 of the 63, about
one half of them were extubated for a second time within 24 hours
of that reintubation. This might have resulted from an enhanced
sensitivity to the analgesic or sedative medication they had
received around the time of extubation in the neonates.
Dr Mosca. The authors also believe that protocols might be
superior to objective data-driven extubation parameters. The
current protocol used a subjective evaluation of the patients’
readiness for extubation. The study had no control group.
Patients in the EE cohort were less likely to have postoperative
complications and had shorter ICU and hospital stays. However,
given the nonrandomized nature of the present study, an inherent
selection bias is present, making it impossible to assign causality
to this relationship. Was propensity matching used to try to reduce
the effects of confounding in the study?
Dr Harris. Thank you for the comments. Yes, I think an
important limitation of the study is that we did not have a control
group. Obviously, the children who had DE were the children who
had more risk factors and were overall sicker. Therefore, it was not
surprising that they had a greater complication rate and greater
mortality than those who were extubated early.
We did not believe that using a retrospective control group was
justifiable because a number of programmatic changes occurred2648 The Journal of Thoracic and Cardiovascular Surthat had coincided with implementation of the EE strategy at our
institution. We did not perform propensity matching.
Dr Mosca. Perhaps if you do perform propensity matching to
compare the groups, it would help to remove some of the selection
bias and further clarify the benefits.
Finally, the published data concerning early postoperative
care in neonates quotes a nearly 30% incidence of early
complicating factors such as reduced lung compliance, low
cardiac output, and labile pulmonary resistance. Given your expe-
rience and your predictors of delayed extubation, are there addi-
tional subgroups of patients for whom you would currently
avoid EE?
I enjoyed your report, and I am sure it will provide stimulus for
future studies.
DrHarris. Thank you for the question. I did not have time to go
over the predictors of DE in my presentation but they were shown
in the abstract.
Right now at our institution, before the procedure, the surgeon
and anesthesiologist discuss the patient’s likelihood of being
extubated after the procedure. The suitability for EE is then
reviewed after the procedure, taking into account the surgical
course, postoperative transesophageal echocardiographic findings,
and the overall cardiorespiratory status of the patient. If patients
are transported to the ICU in an intubated fashion, the need for
invasive ventilator support is reassessed in a joint fashion at least
twice in the first 24 hours by the cardiology, cardiac surgery, and
ICU staff.
We did not have specific factors that precluded EE, but
obviously, for some children, in particular, for neonates, if they
havemultiple risk factors, such as those shown in the present study,
including preoperative mechanical ventilation, it would be
unlikely that they will be extubated immediately after the
procedure.
Dr Mosca. I would hope that is where future research on this
topic would focus. If you just considered your DE predictors,
you would rule out a fair number of complex procedures and
most neonates, although you have shown that they will do pretty
well anyhow. Additionally, it would be helpful to further delineate
those patients who should not receive EE. For example, a patient
with reduced left ventricular function after an anomalous coronary
(anomalous left coronary artery from the pulmonary artery) repair,
for whom extubating early could prove harmful, given the
potentially adverse effects of negative respiration on the left
ventricle in that subgroup.
So, great work. I think it should serve as a stimulus for future
research on EE in our patients. Thank you.gery c December 2014
